A ccountable care organizations (ACOs) in the Medicare Shared Savings Program (MSSP) are eligible for sharedsavings bonuses if spending for their patient population falls below a financial benchmark. Performance on a set of 33 quality measures determines the proportion of savings that they receive. Through 2014, 14 of the quality measures focused on cardiovascular disease and diabetes, including 11 measures of disease control or medication use. 1 Improving medication use and adherence may be additionally attractive to ACOs as a strategy to achieve savings because the MSSP does not include Part D prescription drug spending in an ACO's spending or benchmark. Thus, increasing patients' use of prescription drugs to improve performance on quality measures or to lessen the need for nondrug services may support greater sharedsavings bonuses than other quality improvement efforts or substitutions that require increases in certain nondrug services. To our knowledge, the association between participation in the MSSP and medication use or adherence for patients with cardiovascular disease and diabetes has not been described.
Methods

Study Population
For each year from 2009 to 2014, we analyzed data from Medicare claims and enrollment files for a random 20% sample of fee-for-service beneficiaries continuously enrolled in Parts A, B, and D in that year (while alive for decedents) and in the previous year to assess established conditions and prior drug use. For each of 6 classes of antihypertensive, lipid-lowering, and hypoglycemic medications, we limited the sample to patients with relevant conditions ( Table 1) . The presence of each condition at the start of each study year was assessed using data in Medicare Beneficiary Summary Files from the Chronic Conditions Data Warehouse, which draws from claims since 1999 to describe the accumulated burden of chronic disease. 2 The study was approved by the Harvard Medical School Committee on Human Studies, which granted a waiver of informed consent because the study analyzed deidentified secondary data. Using previously described methods and the Centers for Medicare & Medicaid Services ACO Provider-Level Research Identifiable File, which defines each ACO as a collection of provider taxpayer identification numbers and Centers for Medicare & Medicaid Services Certification Numbers (for safetynet providers), 3, 4 we attributed each beneficiary in each study year to the ACO or non-ACO taxpayer identification numbers, accounting for the most allowed charges for office visits with a primary care physician during that year. Beneficiaries attributed to Pioneer ACOs were excluded because of significant exit from that smaller ACO program before 2014.
Study Variables
For each drug class in each year, we assessed whether beneficiaries had at least 1 prescription filled and, among users, we assessed the proportion of days covered (PDC) by filled prescriptions-a standard claims-based measure of adherence. 5 The denominator of the PDC for a given drug class was 365 days for established users (ie, those with ≥1 prescription for that drug class filled in the 12 months before their first prescription fill of the year). The denominator for new users, defined as those without a prescription filled in the prior 12 months, was the number of days remaining in the year after the first prescription was filled. The numerator was the total days of drugs in the class supplied in the year. The denominator was truncated to the date of death for decedents, and the numerator was truncated to the denominator if it exceeded the denominator (eg, in the case of a 3-month supply received at the end of the year). We assessed these measures for each of the 6 drug classes: statins, angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers, β-blockers, thiazide diuretics, calcium channel blockers, and metformin. We assessed beneficiaries' sociodemographic and clinical characteristics from Master Beneficiary Summary Files, claims, and US Census data. 6 
Statistical Analysis
Using a difference-in-differences approach and linear regression, we compared changes in medication use and adherence Findings In this population-based study of Medicare beneficiaries from before the start of accountable care organization contracts to 2014, ranging from approximately 4.5 million to 10.8 million personyears, depending on drug class, differential changes in the use of and adherence to common antihypertensive, lipid-lowering, and hypoglycemic medications were minimal for accountable care organization patients vs patients of non-accountable care organization providers.
Meaning Through its third year of operation, the Medicare Shared Savings Program has not meaningfully increased the use of or adherence to medications that improve outcomes for patients with cardiovascular disease or diabetes.
for ACO-attributed beneficiaries from before to after the start of ACO contracts with concurrent changes for beneficiaries attributed to non-ACO providers (the control group). from the precontract period to 2014. Model covariates included patients' sociodemographic and clinical characteristics, fixed effects for each hospital referral region by year combination to adjust for local spending changes, and fixed effects for each ACO to adjust for any shifts in the distribution of patients across ACOs.
In sensitivity analyses, we modeled a dichotomous indicator of adherence (≥80%), added Part D plan fixed effects to adjust for benefit design, and conducted a subgroup analysis of new users, since medication initiation may present opportunities for establishing adherence. Statistical significance was defined as P < .05 for 2-sided tests. Statistical analysis was conducted using SAS, version 9.4 (SAS Institute Inc). Data analysis was conducted from November 1, 2016, to April 5, 2017.
Results
Sample sizes ranged from 4 482 168 to 10 849 224 beneficiaryyears, depending on the drug class (Table 1) . A mean of 24.8% of the beneficiaries were attributed to MSSP ACOs annually. Among beneficiaries attributed to an ACO in 2012 or 2013, 82.0% of those remaining enrolled in fee-for-service Medicare were attributed to the same ACO in the subsequent year. Differences in patient characteristics between the MSSP c Statistically different from zero at a P < .05 level.
d Statistically different from zero at a P < .001 level.
e Statistically different from zero at a P < .01 level.
f Race or ethnic group was determined from Medicare master beneficiary summary files.
g Disability was the original reason for Medicare eligibility.
h A total of 27 conditions were included: acute myocardial infarction, Alzheimer disease, Alzheimer disease and related disorders or senile dementia, anemia, asthma, atrial fibrillation, benign prostatic hyperplasia, chronic kidney disease, chronic obstructive pulmonary disease, depression, diabetes, heart failure, hip or pelvic fracture, hyperlipidemia, hypertension, hypothyroidism, ischemic heart disease, osteoporosis, rheumatoid arthritis/osteoarthritis, stroke/transient ischemic attack, breast cancer, colorectal cancer, endometrial cancer, lung cancer, prostate cancer, cataracts, and glaucoma. Indicators for all 27 conditions were included in analytic models, as well as indicators of having multiple (Ն2 through Ն9) conditions. Counts of conditions presented in the table include all conditions except cataracts and glaucoma. The presence of each condition was assessed as of the outset of each year (ie, diagnoses present in the CCW prior to the study year).
i Hierarchical Condition Categories risk scores are derived from demographic and diagnostic data in Medicare enrollment and claims files, with higher scores indicating higher predicted spending in the subsequent year. and control group were generally small after geographic adjustment and changed minimally from the precontract to postcontract period ( Table 2 , eTable in the Supplement). There were no significant differential changes in medication use from the precontract period to 2014 for any cohort of MSSP ACOs in any of the drug classes (Figure, A) , except for a slight differential increase in use of thiazides among beneficiaries with hypertension in the 2013 entry cohort (adjusted differential change, 0.5 percentage point; 95% CI, 0.1-0.8 percentage points; or 1.5% of the overall percentage using thiazides [33.4%]; P = .01). Similarly, there were no significant differential changes in PDC among beneficiaries with at least 1 prescription fill (Figure, 
Discussion
Through its third year of operation, the MSSP has been associated with minimal increases in the use of or adherence to common antihypertensive, lipid-lowering, and hypoglycemic medications that improve cardiovascular outcomes. We could not analyze the effects of the MSSP on blood pressure, cholesterol, or glucose levels directly because performance on disease control measures is reported only for ACOs and only after the start of ACO contracts, but our findings suggest that reported improvements in disease control among ACOs may reflect ongoing trends due to factors other than ACO contract incentives.
9,10
Limitations Three caveats to this conclusion bear noting. First, improvements in disease control could have been achieved by ACOs nonpharmacologically through lifestyle modifications or bariatric surgery. Second, we could not observe dose intensification with prescription drug claims. However, differential changes in dose intensification would have to be uncorrelated with differential changes in prescription medication supply or initiation of additional agents (eg, in efforts to control blood pressure) to go undetected by our analysis. Such a pattern of results is a plausible but improbable outcome of effective efforts to improve disease control through medication use. Third, it is possible that efforts to limit polypharmacy resulted in appropriate reductions in prescriptions for ACO patients that obscured beneficial increases in use and adherence in our estimation of mean net effects. Differential changes in use were minimal, however, even for medications unlikely to be discontinued in such efforts (ie, statins and metformin).
Conclusions
Our findings suggest that incentives in the MSSP to improve disease control and lower hospitalization rates and nondrug spending for patients with cardiovascular disease and diabetes have not been associated with meaningful increases in medication use and adherence. Abbreviations: ACOs, accountable care organizations; CCW, Chronic Conditions Data Warehouse; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; HCC, Hierarchical Condition Categories; ZCTA, zip code tabulation area; FPL, federal poverty level. a Estimates are reported for a combined sample of beneficiaries with at least one prescription filled for at least one medication in the drug classes examined in the study.
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